Background/Aims: Long noncoding RNAs (lncRNAs) have recently emerged as novel and potentially promising therapeutic targets in various cancers. However, the expression pattern and biological function of lncRNAs in glioma remain largely elusive. In the present study, we investigated the functional role of an lncRNA, small nucleolar RNA host gene 16 (SNHG16), in glioma. Methods: The expression levels of SNHG16 and miR-4518 were measured using qRT-PCR. The relationship between the levels of SNHG16 and clinicopathologic features were statically analyzed. The levels of proteins were detected using western blot. Bioinformatics analysis and luciferase reporter assays were applied to the analysis of the relationship between SNHG16, miR-4518 and PRMT5. Cell viability and apoptosis were measured using MTT and apoptosis ELISA assay, respectively. Results: SNHG16 was highly expressed in glioma tissues and cell lines, which was related to poorer clinicopathologic features and shorter survival time. Knockdown of SNHG16 inhibits the viability and induces apoptosis of glioma cells. Further investigation revealed that SNHG16 could up-regulate the expression of miR-4518 targeted gene PRMT5 via acting as an endogenous sponge of miR-4518. Moreover, SNHG16 also affects the expression of Bcl-2 family proteins and the activation of PI3K/Akt signaling pathway. Conclusion: Our study revealed a novel SNHG16-miR-4518-PRMT5 pathway regulatory axis in glioma pathogenesis. SNHG16 could be used as a potential therapeutic target in the treatment of glioma.
Introduction
Glioma is the most common and aggressive tumor in the central nervous system, accounting for 70% of adult malignant primary brain tumors [1] . Despite the diagnosis and treatment strategies that have been developed in the past decade, gliomas are still incurable, and the prognosis of these patients still remains poor, especially for patients with glioblastoma multiforme (GBM) [2] . The median survival time of glioma patients is normally within twelve months after diagnosis, and most patients will live no longer than two years, even in the most advantageous situations [3] . Therefore, it is urgent to unveil the underlying mechanisms in glioma tumorigenesis and to develop more effective therapeutic strategies.
Long non-coding RNAs (lncRNAs) are a set of RNAs with size over 200 nucleotides that do not have an open read frame (ORF) but can regulate gene expression at pre-transcriptional, post-transcriptional and epigenetic levels [4] . LncRNA plays an important role in various vital biological process such as differentiation, metabolism, migration and apoptosis [5] . In recent years, several lncRNAs have been identified as being involved in the development of glioma. For example, lncRNA HOTAIR has been found to be associated with the survival of glioma patients and thus can be applied as a prognostic factor [6] . LncRNA MALAT1 promoted the proliferation and inhibited apoptosis, thus exhibiting oncogenic function in glioma cells [7] . Moreover, MALAT1 could also affect glioma cells response to temozolomide [8] . Although many lncRNAs have been identified to exert regulating activities during the development and progression of glioma, the role of the vast majority of these transcripts is still elusive.
Small nucleolar RNA host gene 16 (SNHG16), a newly identified lncRNA, is also known to be a noncoding RNA (ncRAN) that is expressed in aggressive neuroblastoma. Increased expression of SNHG16 has been found to be associated with poor outcomes in neuroblastoma patients [9] . Overexpression of SNHG16 promotes the invasiveness of bladder cancer [10] . In contrast, reduced SNHG16 expression was found to be associated with poor prognosis in colorectal cancer [11] . However, there is little knowledge about the role of SNHG16 in the progression of glioma.
In the present study, we found that SNHG16 was up-regulated in glioma tissues and cell lines, and its high-expression was associated with tumor grade and poor prognosis in glioma patients. Furthermore, in vitro experiments were applied to investigate the functions of SNHG16 in glioma tumorigenesis. Our study indicated that SNHG16 acts as an oncogene via sponging miR-4518 and up-regulating PRMT5 expression in glioma. Therefore, SNHG16 may be applied as a potential target in glioma therapy.
Materials and Methods

Clinical tissue specimens
Forty-eight paired brain glioma specimens and the peritumoral brain edema (PTBE) tissues were collected from surgical tumor resections performed in the fifth Affiliated Hospital of Wenzhou Medical University and in the sixth Affiliated Hospital of Wenzhou Medical University. The samples were collected between 2014-2017. The tissues were snap-frozen in liquid nitrogen and stored at -80°C for the subsequent analysis. All the tissues were obtained with informed consent and this study was approved by the research ethics committee at the Wenzhou Medical University. 
Cell viability assay
Cell viability was assayed using the Cell Counting Kit-8 (CCK8; Beyotime, Beijing) according to the manufacturer's guide. Briefly, cells (2, 000 cells/well) in each group were plated into 96-well plates. The CCK8 regent (~10 μL) was added to each well containing 100 μL medium after transfection and then incubated for 2 hours at 37°C with 5% CO2. The plates were measured at a wavelength of 450 nm using a microplate reader. Five replicate wells were designed in each group and experiments were repeated in triplicate.
Western blot analysis
Cells were collected and lysed with RIPA lysis buffer (Beyotime, Beijing, China) with complete Protease Inhibitor Cocktail (Roche, USA). Equal amounts of protein lysates were subjected to 12% SDS-PAGE gels and then transferred to PVDF membrane (Millipore, Billerica, MA, USA). The membranes were incubated with the primary antibodies at 4°C overnight. The following primary antibodies were used: Caspase-3 (Cell Signaling, USA), Cleaved PARP (Cell Signaling, USA), Bcl-2 (Cell Signaling, USA), Bcl-xl (Cell Signaling, USA), Mcl-1(Cell Signaling, USA), Bax (Cell Signaling, USA), AKT (Cell Signaling, USA), phospho-AKT (Cell Signaling, USA), PI3K (Cell Signaling, USA), phospho-PI3K (Cell Signaling, USA), PRMT5 (Abcam, USA), and GAPDH (Cell Signaling, USA). After incubating with secondary horseradish peroxidase-conjugated antibodies (Cell Signaling, USA) for 2 h at room temperature, blots were visualized through an enhanced chemiluminescence system (Thermo Fisher Scientific, USA). Protein bands were quantified by densitometric analysis using Quantity One software (Bio-Rad Laboratories, San Diego, CA, USA).
Caspase-3 activity assay
Caspase-3 activity was assayed using the caspase-3 activation kit (R & D Systems, Minneapolis, MN, USA) according to the manufacturer's instructions. Briefly, cell lysates were prepared and incubated with the supplied reaction buffer and the colorimetric substrates (Ac-DEVD-AMC) at 37°C for 1 h in the dark. Then, the absorbance of the solutions was measured on a BioTek microplate reader at 405 nm.
Apoptosis assay
For apoptosis assays, cells were harvested after different treatments and the apoptosis rate was measured using the Nucleosome ELISA Kit (Millipore, Darmstadt, Germany) according to the manufacturer's instruction.
Luciferase reporter assays SNHG16 fragment containing the predicated miR-4518 binding site, the wide-type or mutant putative sequences of the binding site were subcloned into a pmirGLO Dual-luciferase vector (Promega, USA) to form the reporter vector pmiRGLO-SNHG16-wild type (SNHG16-wt) or pmiRGLO-SNHG16-mutant (SNHG16-mut). SNHG16-wt or SNHG16-mut were co-transfected with miR-4518 mimics or negative control (miR-NC) into glioma cells by using Lipofectamine 2000. 48 h after transfection, the relative luciferase activities were measured by a dual-luciferase reporter assay system (Promega, USA) according to the manufacturer's guide. Similarly, the 3'UTR of PRMT5 containing the miR-4518 binding site, the wild-type or mutant putative sequences of the binding site were cloned into a pmirGLO Dual-luciferase vector to form the reporter vector pmiRGLO-PRMT5-wild-type (PRMT5-wt) or pmiRGLO-PRMT5-mutant (PRMT5-mut). The resulting Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry constructs were co-transfected with miR-4518 mimics, miR-NC mimics into cells using Lipofectamine 2000 according to the manufacturer's guide. At 48 h after transfection, the relative luciferase activities were measured.
Statistical analysis
All data are presented as the mean ± standard deviation (SD) from three independent experiments. All statistical analyses were performed by using SPSS 18.0 software (IBM, USA). Differences between groups were analyzed by using Student's t-test (two groups) or one-way ANOVA analysis (multiple groups). A chisquare test was applied to determine the association of SNHG16 levels with clinicopathological features. Overall survival (OS) was defined as the time from surgery to death or to the date of the last recorded followup visit. A Kaplan-Meier curve was plotted for survival analysis, and the difference between the two groups was compared using a log-rank test. P<0.05 was considered statistically significant.
Results
SNHG16 is highly expressed in glioma cells and tissues
The expression of SNHG16 was first evaluated in glioma tissues by qRT-PCR. In 48 paired glioma tissues and the PTBE tissues, the expression of SNHG16 was significantly increased in glioma tissues, compared to the PTBE tissues (Fig. 1A) . Moreover, the SNHG16 expression in the human glioma cell lines (U251, H4, SW1783 and LN229) was significantly higher than that of NHA cells (all P<0.05), in which LN229 and U251 cells has the highest and the lowest expression, respectively. Thus, those two cell lines were selected to be used in the following studies.
High SNHG16 expression in glioma was related with poorer clinicopathological parameters and shorter overall survival
Forty-eight pairs of glioma tissues were divided into two groups: a low SNHG16 expression level (below the median SNHG16 expression, n=23) and a high expression group (above the median SNHG16 expression, n=25). As indicated in Table 1 , high expression of SNHG16 in glioma tissue was shown to be associated with larger tumor size (P=0.009) and advanced WHO stage (0.021). To explore the potential relationship between SNHG16 expression and the patients' prognosis, Kaplan-Meier analysis and log-rank test were used to evaluate the effects of SNHG16 expression on overall survival (OS) and progression-free survival (PFS). The results indicated that patients with higher SNHG16 expression had a significantly poorer OS (P<0.001) and PFS (P<0.001) (Fig. 2) . Then, univariate and multivariate analyses were used to evaluate whether the SNHG16 expression level and various clinicopathological features were independent prognostic parameters of glioma patient outcomes. As shown in Table 2 and Table 3 , according to a univariate analysis, WHO grade and SNHG16 expression were statistically significant prognostic factors. Moreover, multivariate analysis indicated that 
Down-regulation of SNHG16 inhibited proliferation and promoted apoptosis in glioma cells
To explore the biological function of SNHG16 in glioma cells, siRNA against SNHG16 were transfected into U251 and LN229 cell lines. Transfection efficiency was confirmed by qRT-PCR analysis (Fig.  3A) . CCK-8 assay was performed to determine the effect of SNHG16 on cell proliferation, we found that silencing of SNHG16 significantly inhibited glioma cell proliferation in comparison to negative control (si-NC) (Fig. 3B) . Next, an apoptosis ELISA assay was applied to further evaluate whether the effect of SNHG16 on glioma cell proliferation was due to effects on apoptosis. As indicated in Fig. 3C , downregulation of SNHG16 led to increased apoptosis compared with the si-NC group. To further confirm that silencing of SNHG16 resulted in apoptosis in glioma cells, western blot and the caspase-3 activity assay were carried out to evaluate the activation of caspase-3. We found that down-regulation of SNHG16 caused more cleavage and activation of caspase-3 than the control group (Fig. 3D, E) .
SNHG16 affects the expression of Bcl-2 proteins and activation of PI3K/Akt pathway
The Bcl-2 family proteins and the PI3K/Akt pathway are vital regulators of apoptosis [12, 13] . Therefore, we asked whether silencing of SNHG16 could affect the expression of Bcl-2 family proteins and/or PI3K/Akt pathway proteins. As shown in Fig. 4A , antiapoptotic Bcl-2 proteins such as Bcl-2, Bcl-xl and Mcl-1 were down-regulated while pro-apoptotic Bcl-2 protein Bax was upregulated after the silencing of SNHG16. At the same time, phospho-PI3K and phospho-Akt levels were repressed while the total amount of PI3K and Akt was not affected after the silencing of SNHG16 (Fig.  4B) . These results indicate that SNHG16 may affect the Then, luciferase reporter assay was carried out to verify the b i o i n f o r m a t i c a l prediction.
The results indicated that miR-4518 s i g n i f i c a n t l y repressed the luciferase activity of SNHG16-wt compared to miR-NC (negative control), while miR-4518 did not affect the luciferase activity of SNHG-16 mut in both U251 and LN229 cells (Fig. 5A and B) . Moreover, we found that overexpression of SNHG16 significantly repressed the expression of miR-4518 and silencing of SNHG16 lead to the up-regulation of miR-4518 in U251 and LN229 cells (Fig. 5C ). Further correlation analysis demonstrated that there is a negative correlation between SNHG16 expression and miR-4518 in glioma tissues (R2= 0.767, P<0.01, Fig. 5D ). Taken together, these data indicated that miR-4518 could directly bind to SNHG16 in glioma cells. (Fig. 6A) . Then, we measured the mRNA and protein expression of PRMT5 after transfection with miR-4518 mimics, miR-NC mimics, SNHG16 siRNA and SNHG16 plasmid. We found that PRMT5 mRNA expression was significantly decreased in cells transfected with miR-4518 mimics and SNHG16 siRNA, while it was up-regulated in SNHG16 plasmid transfected glioma cells (Fig. 6B ). In line with the RT-PCR results, western blot results showed the same tendency (Fig. 6C, D) . Furthermore, luciferase reporter assay showed that overexpression of SNHG16 could restore the luciferase activity of reporter genes carrying PMRT5 3'UTR when compared to empty control in glioma cells (Fig. 6E, F) . To further confirm the correlation between PRMT5 and SNHG16, PRMT5 mRNA level was also measured in glioma and PTBE tissues. RT-PCR data showed that PRMT5 expression was significantly up-regulated in glioma tissues compared to PTBE tissues (Fig. 6G) . Furthermore, correlation analysis revealed that there is a positive correlation between PRMT5 and SNHG16 (R2=0.534, P<0.01) (Fig. 6H) . Taken together, these findings indicated that SNHG16 regulated PRMT5 expression via inhibition of miR-4518 in glioma cells.
Knockdown of PRMT5 induced apoptosis in glioma cells
To further analyze whether PRMT5 is related to the effect of SNHG16 on glioma cells. First, U251 and LN229 cells were transfected with siRNA against PRMT5. As shown in Fig. 7A and B, the protein and mRNA levels of PRMT5 were significantly down-regulated after transfection with PRMT5 siRNA. Then, we asked whether down-regulation of PRMT5 exerted any effect on the apoptosis of glioma cells. We found that down-regulation of PRMT5 could induce a similar apoptosis rate as silencing of SNHG16 in glioma cells (Fig. 7C) . It is noteworthy that inhibition of miR-4518 could decrease the apoptosis induced by silencing of SNHG16 (Fig. 7C) . Meanwhile, caspase-3 activity and western blot assay results were in line with the apoptosis assay results (Fig. 7D, E) . Moreover, we also investigated the effect of down-regulation of PRMT5 on Bcl-2 family proteins and PI3K/Akt pathway. Like the down-regulation of SNHG16, we found that silencing of PRMT5 showed similar effects on Bcl-2 proteins and PI3K/Akt pathway (Fig. 7F) . Taken together, these findings suggested that SNHG16 exerts oncogenic function via the SNHG16-miR-4518-SNHG16 axis in glioma cells. 
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Discussion
Gliomas account for approximately 30% of all brain and central nervous system tumors and 80% of all brain carcinomas [1] . It is very important to identify biomarkers to improve the prognostic outcome of glioma patients. Recently, the emerging role of ncRNAs in glioma tumorigenesis is attracting more and more attention. In the present study, we observed that SNHG16 is involved in the oncogenesis of human glioma cells. Then, bioinformatics analysis indicated the complementary binding sites between SNHG16 and miR-4518. We also found that the expression of miR-4518 was significantly down-regulated in glioma tissues, and correlation analysis revealed the negative correlation between SNHG16 and miR-4518. Moreover, luciferase reporter assay confirmed that miR-4518 might be a target of SNHG16 in glioma cells. SNHG16 also exhibited positive regulation on PRMT5, which has been identified as a direct target of miR-4518. Silencing of PRMT5 showed similar effects on glioma cells as knockdown of SNHG16. In summary, our findings indicated SNHG16 exerted oncogenic functions and involved in the up-regulation of PRMT5 in glioma cells via inhibition of miR-4518.
SNHG16 as an oncogenic lncRNA has been reported to be involved in the development of various cancers by different mechanisms of action. For example, SNHG16 has been found to be up-regulated in colorectal cancers and affected the genes involved in lipid metabolism [15] . In a recent study, SNHG16 has been found to be overexpressed and contributed to the development of non-small cell lung cancer (NSCLC) via inhibition of miR-146a [16] . However, there is little knowledge about the role of SNHG16 in the development of glioma. In the present study, we evaluated the expression of SNHG16 and its relationship with the clinical features in the glioma patient. SNHG16 was significantly up-regulated in glioma tissues and cell lines, compared with PTBE and NHA cell lines, respectively. In addition, a higher SNHG16 expression was correlated with a poorer prognosis in glioma patients, including larger tumor size, advanced WHO stages, shorter OS and PFS. To investigate the biological functions of SNHG16 in glioma cells, the loss-of-function assay was performed by SNHG16 knockdown. Knockdown of SNHG16 could repress proliferation and apoptosis in glioma cells. Our findings are consistent with a previous study in which knockdown of SNHG16 could inhibit the proliferation of lung cancer cells [16] . Notably, we also observed that down-regulation of SNHG16 could lead to the repression of anti-apoptotic Bcl-2 proteins and PI3K/Akt pathway. Therefore, targeting Bcl-2 proteins and/or PI3K/Akt pathway could be a promising strategy to fight against gliomas [17] [18] [19] . Our findings indicated that SNHG16 might be a potential therapeutic target in treatment of gliomas.
One of the major functions of lncRNAs is to harbor miRNAs to act as a "sponge" and reduce the expression and activity of miRNAs. Therefore, we performed the bioinformatics analysis to identify the miRNAs that can bind to complementary sequences in SNHG16. We found that miR-4518 share the complementary binding sites at 3'-UTR, which was confirmed by the luciferase assay. Loss-of-function revealed that miR-4518 inhibitor could reduce the apoptosis of glioma cells induced by silencing SNHG16. Moreover, the effects of downregulation of SNHG16 on Bcl-2 proteins and PI3K/Akt pathway could be reversed by miR-4518 inhibitor as well. Therefore, it might be explained that SNHG16 exerts physiological functions via sponging miR-4518. To date, there is little information about the role of miR-4518. Our findings hint that miR-4518 may participate in the tumorigenesis of gliomas and further investigation is required.
LncRNAs can also regulate the expression and biological functions of miRNA targets. Among all of the predicted target genes of miR-4518, we found that PRMT5 played an important role in the development of glioma. Protein arginine methyltransferase 5 (PRMT5) is a member of the PMRT family which covalently modifies histone and non-histone proteins to regulate gene transcription and cellular signaling [20] . Several studies have found that PRMT5 is correlated with the progression of gliomas. For example, PRMT5 has been found overexpressed in glioma cells and associated with more aggressive disease in patients with glioblastoma [21] . In the same study, knockdown of PRMT5 has also been found lead to the Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry down-regulation of Bcl-2 and up-regulation of Bax [21] . In a recent study, PRMT5 has been found played a very significant role in glioblastoma neurospheres (GBMNS) self-renewal capacity and proliferation [22] . PRMT5 knockdown also lead to apoptosis and cell cycle arrest in glioma cells [22] . Moreover, the expression of PRMT5 is correlated with malignant grade in gliomas and plays a pivotal role in the proliferation of glioma cells in vitro [23] . These findings are in line with our results that also revealed a novel mechanism that regulated the expression of PRMT5.
Conclusion
In summary, an SNHG16-miR-4518-PMRT5 regulatory axis in glioma pathogenesis was identified in the present study. SNHG16 acts as an oncogenic lncRNA that promoted glioma tumorigenesis via acting as a competing endogenous RNA that regulated the expression of PRMT5 through directly sponging miR-4518. Our study revealed that SNHG16 could be a potential therapeutic target in the management of glioma.
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